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Abstract

+ADw-html+AD4APA-p+AD4-Liver diseases after kidney transplantation range from
mild biochemical abnormalities to severe hepatitis or cirrhosis. The causes are diverse
and mainly associated with hepatotropic viruses, drug toxicity and metabolic disorders.
Over the past decade, the aetiology of liver disease in kidney recipients has changed
significantly. These relates to the use of direct-acting antiviral agents against hepatitis C
virus, the increasing availability of vaccination against hepatitis B and a better
understanding of drug-induced hepatotoxicity. In addition, the emergence of the SARS-
CoV-2 pandemic has brought new challenges to kidney recipients. This review aims to
provide healthcare professionals with a comprehensive understanding of recent
advances in the management of liver complications in kidney recipients and to enable
them to make informed decisions regarding the risks and impact of liver disease in this

population.+ADw-/ p+ AD4APA-/html+AD4-
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Core Tip: Liver disease is a common complication after kidney transplantation and can
present in a variety of forms, from asymptomatic biochemical abnormalities to fibrosis/
cirrhosis/ decompensation/ malignancy. Early recognition and referral to a
hepatologist are crucial for effective treatment, as they can otherwise lead to impaired
quality of life and increased morbidity. Screening of kidney transplant recipients for
liver disease, including viral disease, metabolic disorders and drug toxicity, should be

prioritised by healthcare providers.

INTRODUCTION

The efficacy of kidney transplantation (KT) in the treatment of end-stage renal disease
(ESRD) has been demonstrated by numerous studies, which have shown that KT is
associated with significantly higher survival rates and better quality of life compared to
dialysis. As such, KT is now considered the gold standard in the treatment of ESRD. [1.2]
Prevalence of chronic kidney disease (CKD) is estimated at 13.4% (11.7-15.1%) and is on
the rise due to increasing rates of diabetes, arterial hypertension, obesity and ageing.
This is reflected in the increasing rates of KT; 92532 KT performed in 2021, which is an
estimated 40% increase from 2008. 23 Advances in organ procurement, surgical
techniques, immunosuppression regimens targeting rejection, and prophylactic
antibiotic therapies have enabled excellent short-term survival rates after KT, and long-
term outcomes are steadily improving over time. [ This has led to a prolongation of life
expectancy of both the graft and the recipient, which is now appreciable well beyond
the first year following transplantation. [l Survival rates of KT recipients may be
affected by allograft nephropathy and subsequent failure, as well as a variety of
morbidities, including cardiovascular disease and infections associated with

immunosuppressive drugs. [!l In addition, the incidence of liver abnormalities after KT,




which ranges from 20 to 50%, was recently demonstrated by Vieira et al to have a
significant impact on the survival and quality of life of these patients. [l
Liver disease after KT occurs in a variety of forms ranging from asymptomatic
biochemical abnormalities to severe hepatitis, cirrhosis or malignancy. [l Causes are
heterogeneous and mainly related to hepatotropic viruses, drug toxicity and metabolic
disorders. [°] Genetic conditions, such as polycystic kidney disease, which lead to the
need for KT are also associated with polycistic liver disease. [l Significant advances in
understanding and treating liver disease in kidney transplant recipients have b

made in the last decade. The development of direct-acting antiviral drugs (DAAs) for
the treatment of hepatitis C virus (HCV) infection has led to a marked improvement in
the treatment of HCV-related liver disease. Hepatits E has been identified as a causative
agent of chronic hepatitis aﬁ cirrhosis following solid organ transplantation (SOT). In
addition to these advances, the emergence of acute respiratory syndrome coronavirus 2
(SARS-CoV-2) and its impact on SOT has highlighted the need for further research in
this field. The impact of COVID -19 on liver function in kidney transplant recipients is
not yet fully understood, and the long-term consequences of the virus on liver health in
this population are still the subject of ongoing investigation. In addition, the prevalence
non-alcoholic fatty liver disease (NAFLD) is increasing worldwide and it is also taking
its toll in transplant population due to changes in eating habits, sedentary lifestyle and
unavoidable effect of life-long immunosuppression. [/l This review aims to provide
healthcare professionals with a comprehensive understanding of recent advances in the
management of liver complications in KT recipients, allowing them to make informed

decisions about the risks and impact of liver disease in this population.

NON-ALCOHOLIC FATTY LIVER DISEASE
+ADw-html+AD4APA-p+AD4-Non-alcoholic fatty liver disease (NAFLD) is a complex

and multifactorial metabolic disorder influenced by a variety of genetic, environmental
and lifestyle factors. The pathogenesis of NAFLD is characterised by a cascade of events

that result in the accumulation of fat in the liver (hepatic steatosis), which can trigger an




inflammatory response that further contributes to liver damage and leads to more
severe liver diseases such as cirrhosis and hepatocellular carcinoma. However, the
mechanisms underlying this progression remain unclear and are currently the subject of
intense research efforts. Recent studies have highlighted the importance of gut
microbiota dysbiosis, oxidative stress and immune system dysfunction in the
development and progression of NAFLD. + AFs-8+AF(- Dysbiosis in the gut microbiota,
characterised by a decrease in beneficial bacteria and an increase in harmful bacteria,
can lead to increased gut permeability, endotoxaemia and inflammation, contributing to
the development of NAFLD. Oxidative stress, an imbalance between reactive oxygen
species and antioxidant defences, can also promote the progression of NAFLD by
damaging hepatocytes and increasing the release of pro-inflammatory cytokines.
Immune dysfunction, characterised by an imbalance between pro-inflammatory and
anti-inflammatory metabolic pathways, can lead to an accumulation of immune cells in
the liver, thus promoting the progression of NAFLD. In addition, genetic factors have
been identified as important contributors to the development and progression of
NAFLD. Variants in genes involved in lipid metabolism, insulin resistance and
inflammation have been linked to an increased risk of NAFLD. + AFs-8+AF0- However,
the interactions between genetic and environmental factors are complex and not fully
understood, and more research is needed to fully elucidate the role of genetics in
NAFLD.+ADw-br /+AD4-NAFLD is now considered the most frequent chronic liver
disease worldwide, with an estimated 25-30+ACU- of the general population affected,
particularly due to the rising prevalence of insulin resistance, obesity and hypertension.
+AFs-7+AF0- Because type 2 diabetes mellitus (T2DM), obesity and dyslipidaemia often
coexist with NAFLD, it is considered a hepatic manifestation of the metabolic
syndrome. +AFs-9+AF0- While some experts suggest replacing the term NAFLD with
metabolic-associated liver disease (MAFLD) to emphasise the importance of metabolic
dysfunction in development and progression of the disease, the term is not yet
universally accepted, as it can occur in patients without metabolic disorders. +AFs-

10+AFO0- In KT recipients, the high disease burden of NAFLD carries an increased risk




of graft dysfunction and patient mortality, making early detection and treatment
essential to reducing its impact on transplant outcomes. The increasing prevalence of
NAFLD worldwide has led to a growing need for effective diagnostic and therapeutic
strategies. Non-invasive diagnostic tools such as imaging and serum biomarkers have
been developed to assess the severity of NAFLD and monitor disease progression.
Various pharmacological and lifestyle interventions have also been investigated for the
treatment of NAFLD, including weight loss, exercise, insulin-sensitising agents and
antioxidants. +AFs-11+AF0- However, the optimal treatment for NAFLD remains
uncertain, and more research is needed to find effective treatments that can prevent or
reverse disease progression.+tADw-br /+AD4-NAFLD and CKD+ADw-br /+AD4-
Patients with NAFLD and/or CKD share the same risk factors, including visceral
obesity, arterial hypertension, prediabetes or T2DM, systemic insulin resistance,

slipidaemia and low-grade inflammatory states. +AFs-12+AF0- Recently, several
studies have shown that NAFLD_is significantly associated with an increased
prevalence of CKD. For example, the prevalence of CKD in patients with NAFLD
ranged from 20 to 55+ACU-, while the prevalence of CKD in patients without NAFLD
was 5 to 30+ACU-. +AFs-13+AF(- In addition, several retrospective and prospective
cohort studies have found that the association between NAFLD and an increased
incidence of CKD persists after adjustment for age, sex, obesity, hypertension and
T2DM. +AFs-14,15+AF0A]Jg-nbsp+ADsAPA-br /+AD4-Impact of NAFLD on kidney
transplantation+ACY-nbsp+ADsAPA-br /+AD4-Cardiovascular disease (CVD) is the
main cause of mortality and graft loss after KT. +AFs-16+AF0- A meta-analysis of 16
studies found that patients with NAFLD had a higher risk of fatal and non-fatal
cardiovascular events than paients without NAFLD (OR 1.64, 1.26-2.13) and that
patients with severe NAFLD had a higher risk of fatal and non-fatal cardiovascular
events (OR 2.58+ADs- 1.78-3.75). +AFs-17+AF0- In addition, traditional risk factors
(T2DM, obesity, hypertension, dyslipidaemia) for CVD and NAFLD may be
exacerbated by immunosuppressive drugs, including CNI and steroids in renal

recipients. +AFs-18+AF0- In 2017, Kemmer +ADw-i+AD4-et al+ADw-/i+AD4-




reported the presence of NAFLD on ultrasound in 22+ACU- of KT candidates. +AFs-
19+AF0- Grupper +ADw-i+AD4-et al+ADw-/i+AD4- conducted a study of 341
consecutive KT recipients and showed that 36.4+ACU- of kidney recipients had
sonographic evidence of NAFLD before transplantation. +AFs-20+AF0- In the same
study, recipients with NAFLD had a higher prevalence of new-onset diabetes before
transplantation, and NAFLD was independently associated with cardiovascular
mortality after KT (HR 4.4), even after adjustment for known CVD risk factors. +AFs-
20+AFO0- It is still unclear whether NAFLD is associated with renal graft dysfunction.
Grupper +ADw-i+AD4-et al+ADw-/i+AD4- found no correlation between graft
function and NAFLD. +AFs-20+AF0- However, from the studies already mentioned,
NAFLD is significantly associated with a higher incidence of CKD in non-transplanted
patients. This means that NAFLD and reduced graft function may also be the case in KT
recipients. Recently, Conceicao +ADw-i+AD4-et al+ADw-/i+AD4- showed that
11.4+ACU- of 1300 KT patients had fatty liver before or after their first KT and only
17.4+ACU- of NAFLD patients received a hepatology consult. +AFs-20+AF0- The
results of the above studies emphasise the need to diagnose NAFLD in KT recipients
and to undertake aggressive risk factor modification early.+ADw-br /+AD4-The
treatment of NAFLD in KT recipients is particularly challenging due to the complex
interplay of metabolic disorders, immunosuppression and other comorbidities.
Immunosuppressants used to prevent allograft rejection may exacerbate the metabolic
disorder and contribute to the development and progression of NAFLD. Therefore,
individualised treatment strategies that take into account each patient's unique needs
are critical to achieving optimal outcomes according to KT. In addition, physicians
caring for patients before and after KT should refer patients to a hepatologist as soon as

NAFLD is diagnosed.+ADw-/p+AD4APA-/html+AD4-

VIRAL DISEASES
HEPATITIS B VIRUS

The natural course of hepatitis B virus (HBV) infection is a dynamic process that reflects




the interaction between HBV replication and the host immune response. 21 In
immunocompetent adults, HBV infection is usually acute and self-limiting with more
than 90% of patients achieving hepatitis B surface antigen (HBsAg) seroconversion
within 6 mo, indicating natural resolution of the infection; however, infection in infancy
or childhood often leads to chronicity. 2!l Today, an estimated 240 million people are
affected by chronic HBV infection. 12!l Patients with detectable HBY DNA, especially
those over 30 years of age and with a family history of hepatocellular carcinoma (HCC)
and cirrhosis, are typically considered for antiviral therapyand require lifelong
treatment after KT. [22] Although modern antivirals such as entecavir or tenofovir
result in viral suppression in almost all patients, treatment is long-term, possibly
lifelong, and minimises the possibility of seroconversion. 24 Therefore, in chronically
infected patients without signs of hepatitis, liver fibrosis or cirrhosis, without
extrahepatic manifestations of HBV and with low viral replication rates (as determined
by HBsAg and HBV DNA), treatment is not usually recommended by professional
society guidelines. [2223] In immunosuppressive states, ¢.¢. due to chemotherapy or after
organ transplantation, patients with cleared or inactive HBV may experience an abrupt
increase  in  viral replication, which is called HBV  reactivation.
Symptoms of HBV reactivation can range from asymptomatic to severe acute hepatitis,
progression to chronic inflammation and fibrosis or hepatocellular carcinoma, and even
acute liver failure. Where HBV is endemic, reported HBV reactivation rates with
immunosuppression are as high as 41.5% (resolved HBV) and 70% (chronic HBV
infection). (25261 As HBV prevalence in KT recipients ranges from 2.2 to 20.9 % it is
crucial that healthcare professionals understand their patient’s status to determine
appropriate monitoring or antiviral prophylaxis measures to prevent reactivation. [%’]
The patient with resolved HBV infection (HBsAg-negative, anti-HBc IgG positive
recipient)
Up to 30% of KT candidates may have resolved HBV infection (defined as HBsAg-
negative and hepatitis B core antibody (anti-HBc) -positive), and 1.4-9.6% may

experience HBV reactivation after KT. [l The American Association for the Study of




Liver Diseases guidelines recommend monitoring every three months for the first year
(ALT and HBV DNA) and antiviral prophylaxis only as an alternative. [23] However,
since the risk factors for HBV reactivation are not precisely known, it is not clear which
patients should be treated and which should be monitored. In a study by Mei et al 52
patients with resolved HBV infection were retrospectively analysed. Five (9.6%) cases of
HBYV reactivation occurred, and anti-HBcAg titre (P = 0.042) and age (P = 0.037) were
identified as risk factors for HBV reactivation. Interestingly, ATG treatment, steroid
pulse doses and low-dose rituximab were not associated with HBV reactivation. 28
Shaikh et al found that only 3.4% of KT recipients who did not receive antiviral
prophylaxis experienced HBV reactivation, and delayed graft function was identified as
a significant risk factor. Still, there were no significant adverse graft-related outcomes
among those who experienced reactivation. 27]
The patient with chronic HBV infection (HBsAg-positive recipient)
Chronic HBV is defined by persistent hepatitis B surface antigen (HBsAg) in serum for

least 6 mo. Although current guidelines recommend prophylactic treatment for
HBsAg-positive patients if they require immunosuppressive therapy for
transplantation, most evidence is based on patients undergoing chemotherapy. [22] A
systematic review and meta-analysis by Thongpraynoon ef al included a total of 87623
KT patients and found significant association between HBsAg-positive status and poor
outcomes, including mortality (pooled OR = 2.48; 95%CI: 1.61-3.83) and allograft failure
(pooled OR = 1.46; 95%ClI: 1.08-1.96). There was also a significant negative correlation
between study year and risk of allograft failure, suggesting a possible improvement in
patient and graft survival in HBsAg-positive recipients over time. I A recent study by
Mo et al confirmed high rates of viral reactivation in a real-world study of HBsAg-
positive KT recipients, with inappropriate antiviral agents (all other than lifelong
prophylaxis) (HR = 7.34, 95%CI 1.51-35.69, P = 0.01) and high levels of HBV DNA (=
1000 IU/mL) pre-transplant being the main risk factors (HR = 4.39, 95%CI 1.08-17.81, P
= 0.04). However, the study found no difference in patients' or graft outcomes between

patients who experienced reactivation and those who did not. [




The kidney graft from donors with resolved HBV infection (HBsAg-negative, anti-HBc
IgG positive donor)
Donors with resolved HBV infection may allﬁiate organ shortage in KT. A study by
Yamada et al found a low risk of reactivation - 45 cases of KT from donors with resolved
HBYV infection to HBV-naive recipients were analysed, and one patient (2.2%) became
seropositive for anti-HBc, and one patient (2.2%) had (Etectable HBV-DNA levels after
transplantation. In the same study, the presence of covalently closed circular DNA
(cccDNA) in transplanted organs from donors with resolved HBV infection and the
capability of HBV replication in kidney cell lines was demonstrated. 1311 Accordingly,
further research is needed to fully evaluate the safety and efficacy of this approach.
HEPATITIS C VIRUS
Hepatitis C virus (HCV) fection is a global health problem affecting an estimated 71
million people worldwide. 2 The prevalence of HCV tends to be higher in patients
with ESRD and in KT recipients than in the general population. 3 Although
transplantation of HCV-infected patients offers a clear survival advantage over dialysis,
HCV positivity has often been a barrier to KT in the past. Possible reasons for this
incluede concerns about impaired survival of grafts and patients associated with certain
HCV-related causes, such as increased rates of liver fibrosis and glomerulonephritis. [3
Highly effective, all-oral DAAs have revolutionised HCV treatment with cure rates of >
95 %. 351 DAAs not only improve outcomes in HCV-positive KT patients, but also open
new opportunities to increase scarce graft availability by safely transplanting HCV-
positive organs into HCV-negative recipients. [3! The focus of interest today is the
efficacy and safety of DAAs after KT and the challenges of using HCV-positive grafts in
HCV-negative recipients.
DAA therapy for kidney transplant patients
Sofosbuvir, a second-generation DAA approved in 2013, paved the way for efficient
interferon/ribavirin-free treatment of HCV. Today, DAAs have proven their efficacy
and safety both in clinical trials and in practice. [37-39] Chute et al reported sustained

viral response (SVR) rates of 97% in 418 of KT recipients, most of whom were treated




with sofosbuvir-based therapies. 7] In the phase-3, open-label, single arm
MAGELLAN-2 study, which evaluated a 12-week course of the pangenotypic regimen
of glecaprevir/pibrentasvir SVR was achieved in 98% of patients. ¥l In addition to
confirming the efficacy of the different DAA regimens used (23 patients, 100% SVR
rate), Alkadi et al found that there were no significant changes in renal function or
calcineurin inhibitor levels during or after therapy. 40! In another study, DAAs were
found to reduce HCV prevalence from 1.97% to 0.43% among recipients of KT when
used over a five-year period. [l Current DAA regimen guidelines for KT recipients are
readily  available through ~AASLD/IDSA and EASL guidelines. [354
ESRD and advanced liver disease
The prevalence and clinical-epidemiological profile of HCV infection in ESRD have
changed over time. In particular, patients today tend to be older than in the past; more
deceased donors are used for transplantation; there are fewer co-infections with HBV,
but a higher percentage of cirrhotic patients are treated. Additionally, decompensation
was found to be more frequent in recent years as well as patient survival rate being
lower than before. [33] Since cirrhosis is an important predictor of poor survival after KT,
it is advisable to assess the stage of liver fibrosis in all KT candidates. In patients with
established cirrhosis and portal hypertension in whom antiviral HCV treatment fails or
is not an option, combined liver and KT must be considered. 4]
Utilisation of HCV-positive donors
One of the most important advances in the last decade to increase transplantation rates
has been the practise of KT from HCV-positive donors to HCV-negative patients (HCV
D+/R-), followed by DAA therapy. After the pioneering studies THINKER and
EXPANDER, which demonstrated good graft function and found little evidence of
adverse outcomes after HCV D+/R- KT, this practice steadily increased in the USA.
144451 United Network for Organ Sharing (UNOS) data showed and found increasing
rates (0.3% to 6.9%) of HCV D+/R- from 1/1/2017 to 12/12/2020. 141 A growing
number of real-world studies confirm the safety and efficacy of the HCV D+/R-

approach and highlight its advantages, including shorter waiting times, access to




younger donors with excellent allograft function, and similar survival compared to
HCV D-/R- KT. 14471 Substantial additional administrative work may be required
outside of clinical trials for insurance approval of DAA therapy. A study by Edmonds et
al found that the median time from KT to the first dose of DAA was 45 days.
147l However, even delayed initiation of DAA treatment, with a median of 70 days after
KT, had no negative impact on SVR rates or liver histology. [l
Understanding gaps and benefits/risks of HCV D+/R- KT may lead to greater
acceptance. The majority of patients are willing to accept HCV-positive organs after
being educated, citing shorter waiting time, DAA efficacy and faster return to higher
functional status. (491 However, Nguyen et al revealed disparities in HCV D+/R- KT
access based on race/ethnicity, gender, and education level; minorities were 15-60%,
women over 20%, and those with elementary school degrees or less half as likely to
receive a HCV nucleic acid amplification technique (NAT) positive kidney compared to
those with bachelor's degrees. These findings underscore unequal distribution of
breakthrough treatments, which can take years before recognition or reporting occurs.
I3 In conclusion, use of HCV-positive kidney grafts for HCV-negative recipients
followed by DAA therapy is a potential solution to organ shortage that can improve
quality of life of ESRD patients.
HEPATITIS E VIRUS
The understanding of hepatitis E virus (HEV) has evolved over the past decade.
Genotypes (gt) 1 and 2 are restricted to developing countries and cause large epidemics
via the faecal-oral route, while genotypes 3 and 4 are endemic zoonoses in high-income
countries. Although HEV usually causes an acute and mild form of hepatitis in
imunocompetent hosts, it can lead to more severe and long-lasting infections in
individuals who have undergone a SOT. [51l This has become an increasingly important
issue because HEV is now considered one of the primary causes of acute viral hepatitis
and cirrhosis in transplant recipients. Data on the seroprevalence of HEV in
haemodialysis patients are inconsistent, ranging from 0 to 44 %, possibly due to

significant  differences  between the geographical regions studied. [*2




In 2008, the first report of chronic hepatitis due to gt 3 and 4 was published in SOT. 15
Subsequent studies showed that organ recipients are at increased risk of HEV infection,
with prevalence ranging from 0.44% to 24% depending on the organ transplanted and
the geographic region. (%! Interestingly, HEV seropositivity was significantly higher in
transplant recipients compared to patients on the waiting list (24% vs. 16.4%, P = 0.042).
155 Still, it is possible that HEV infection is underdiagnosed in SOT recipients, as
serological assays with low sensitivity are often used. [5¢ Clinical course is
inconspicuous in most cases with mild but often persistent abnormalities observed in
liver function tests. [541 To properly diagnose chronic HEV infection, serum or plasma
samples and, if possible, stool samples must be examined using NATs. 511 High clinical
suspicion of chronic HEV is important because undetected infection, especially with gt
3, can lead to rapid progression of liver fibrosis and in some cases decompensation and
death. 57)
KT recipients are particularly susceptible to chronic HEV infections, which can lead to
serious complications such as earlier graft rejection. KT recipients with positive ELISA
tests or PCR results for HEV are more likely than controls to experience earlier rejection.
1581 It is known that HEV infection can cause hepatic and extrahepatic symptoms. A case
study of a KT recipient with HEV and membranous nephropathy (MN) illustrates the
possible causal relationship between the two conditions. Treatment with ribavirin (RV)
as monotherapy proved effective in treating HEV infection and resulted in complete
remission of the nephrotic syndrome. This suggests that RV may also have beneficial
effects on MN oia  non-specific immunomodulatory mechanisms. [%]
Although chronic HEV was originally defined as viral replication lasting longer than 6
mo, in an observational study of SOT recipients, clearance did not occur 3-6 mo after
infection, but only within the first 3 mo. These results suggest that SOT patients who are
viraemic for longer than 3 mo should be considered for treatment. 60l A recent study
that investigated the efficacy of dose reduction of mycophenolic acid in eight KT
patients diagnosed with chronic HEV infection showed that only one patient achieved

HEV clearance, while most patients required antiviral treatment with RV. The study




provided the clinical evidence that reducing mycophenolic acid therapy alone is not
sufficient to control viral replication in transplant patients. In addition, rituximab has
been identified as a risk factor for chronic HEV that is complicated to treat. [0l
Meta-analysis data show that RV is a safe and effective treatment for chronic HEV
infection in SOT recipients. RV induces a sustained virological response in 76% of
patients and represents a first-line therapy for this patient group. [2l However, it is
important to note that the guidelines recommend monitoring HEV RNA for at least six
months after completion of RV therapy, as reinfection or relapse can occur even if the
virus has been eliminated by therapy. This is especially true for immunosuppressed
transplant  patients, including those  with  positive anti-HEV  IgG.
Trials in China have shown the efficacy of recombinant HEV genotype 1 vaccine
(Hecolin®, Xiamen Innovax Biotech). However, the vaccine is not available outside
China and its efficacy against other genotypes is unknown. Further studies in
developed countries are needed to assess its efficacy, durability of immune response
and cost-effectiveness before it can be recommended. 3 For now, avoiding
contaminated food/water and thorough cooking are the only preventive measures.
COVID-19

Since identified in December 2019, Severe Acute Respiratory Syndrgme Coronavirus 2
(SARS-CoV-2) has infected more than 660 million people to date. 64 Sfa'{S-CoV-Z causes
2019 coronavirus disease (COVID -19), which typically presents as an upper respiratory
tract infection but can lead to severe pneumonia with acute respiratory distress
syndrome and multiorgan fﬁ'lure. (651 The virus infects target cells by binding the spike
surface glycoprotein (S) to angiotensin-converting enzyme 2 (ACE2), which is mainly
expressed in cells of the alveolar epithelium type II. ¢l However, it was also found in
the heart, ileum, kidney, bladder and liver, with cholangiocytes being the major ACE2-
expressing cell population, with a 20-fold higher expression rate than in hepatocytes. [67]
This could potentially make the liver susceptible to SARS-CoV-2 virus, but evidence for
specific viral hepatotropism is limited.

Abnormalities in liver function tests have been observed in up to 78% of hospitalized




COVID&Q patients, with some individuals developing acute liver injury (ALI) and
reports of liver failure due to SARS-CoV-2 infection. [686° Given the significantly higher
expression of ACE2 receptors on cholangiocytes, one might generally expect a
cholestatic laboratory pattern to predominate in patients with COVID -19, but this is not
the case. Therefore, it has been hypothesised that liver injury is not primarily due to
direct virus-induced damage to hepatocytes, but rather to indirect causes such as
hepatotoxic drugs, systemic inflammatory responses and respiratory distress
syndrome-induced hypoxia. ) Some cases of acute de novo autoimmune hepatitis
have also been reported following COVID -19, suggesting possible immunogenicity due
to molecular mimicry of SARS-CoV-2. (7721 Cholangiopathy resembling secondary
biliary cholangitis, a possible chronic complication of COVID -19, has also been
reported in critically ill patients. In addition, the presence of cirrhosis among patients
infected with SARS-CoV-2 is associated with a higher risk of death. [”*l Major hepatic
histopathological findings in patients with COVID-19 are nonspecific and mainly
consist of hepatic steatosis, congestion of hepatic sinuses, vascular thrombosis, and
portal / periportal tract lymphocytic infiltrates. (74]
Kidney transplant recipients
KT recipients are often older, have multiple comorbidities and require chronic
immunosuppression, and as such represent a high risk group for more serious COVID-
19 disease. Since the onset of the pandemic, a large amount of data on recipients of SOT
and KT have been reported, mainly from case series, small cohorts and larger registries.
However, large multicentre studies with appropriate control groups are lacking. So, it
remains a challenge how to appropriately treat KT recipients with COVID-19 and to
understand what factors influence tﬁ outcomes. Clinical presentation, including
abnormalities in liver function tests, has been shown to be similar in SARS-CoV-2
infected KT patients and in the general population. (751
In a multicentre cohort study the incidence of hepatitis was 20.2% among KT recipients,
who received some form of antiviral therapy for SARS-SoV-2. [l As in

immunocompetent patients, the liver disease in KT recipients is usually mild and




transient, characterised mainly by elevated levels of AST and ALT. [76] AST abnormality
is more pronounced in patients with a severe form of the disease, and higher AST
values have been shown to be a marker of poor outcome. 778 Early results from
national and international registries and multicentre studies found a variable mortality
rate of 18% to 32% among KT recipients hospitalised for COVID -19. [7779]
One distinctive feature that must be considered when assessing the possible aetiology
f liver damage in patients with COVID -19 is the possibility of drug-induced liver
injury (DILI) associated with certain treatments. Data on adverse events are sparse and
often cannot be attributed with certainty exclusively to drugs for COVID -19, as a
variety of other medications such as antibiotics and antipyretics are widely used in the
treatment of such patients. To date various medications have been tried in treatment of
SARS-CoV-2 infection - glucocorticoids, antimalarials, immunomodulatory agents
(JAK2 inhibitors, IL-6 and IL-1 inhibitors), monoclonal antibodies, antiviral drugs and
all of them may theoretically exibit hepatotoxicity. [8081] Table 1 Lists the hepatic
contraindications and risk of drug induced liver injury (DILI) for drugs approved for
the treatment of SARS-CoV-2 infection in the European Union and the United States of

America. [7081,81,82]

RUG-INDUCED LIVER INJURY

Drug-induced liver injury, defined as liver injury caused by various drugs, herbs or
other xenobiotics, results in abnormalities in liver tests or liver dysfunction, where other
causes can be reasonably excluded. 7!l The incidence of DILI is increasing worldwide
due to the development of new drugs in the West and herbal preparations in Asia. [71]
The classes of drugs most commonly associated with DILI include antibiotics,
anticonvulsants and psychotropic drugs. [72 Polypharmacy, a common occurrence in KT
recipients, increases the risk of drug interactions that may contribute to a higher
incidence of DILI.
The severity of DILI can be associated with the dose of the consumed substance, e..,

acetaminophen overdose/poisoning. However, most medications cause DILI in a non-




dose dependent way, i.e., idiosyncratically. Recent research proposed a 3-step model of
DILI in which direct cell stress, direct mitochondrial inhibition and/or specific immune
reactions can lead to mitochondrial permeability transition. Various environmental
(age-related changes of pharmacokinetics, induction/inhibition of CYP450 enzymes,
impaired antioxidant defence, immunological sensitisation, pre-existing liver disease,
concomitant infections (e.g. HBV, HCV), mitochondrial dysfunction) and genetic factors
may influence each sequence of the proposed model. In KT recipients, there are few
potential environmental risk factors, e.g. drug interactions (antibiotics, antifungal and
antiviral prophylaxis, immunosuppressive therapy), immunological sensitisation,
malnutrition, infections and mitochondrial dysfunction due to diabetes, as well as all
possible genetic risk factors that make them more susceptible to developing DILI than
the general population. Previous research reported the occurrence of suspected DILI in
23% of KT recipients with possible causality in 57% of cases, and the associated drugs
were antimicrobials, immunosuppressants and diuretics. 83]
Assessing causality of DILI remains a challenge due to the lack of reliable biomarkers
for hepatotoxicity. Several scoring systems are available, but there are discrepancies
between scales. The best agreement seems to be between the Roussel-Uclaf sality
Assessment Method (RUCAM) scale and the Digestive Disease Week-Japan (DDW-])
scale, which includes an in vitro drug lymphocyte stimulation test (DLST) and is based
on the RUCAM scale. Newer methods such as bile acid metabolomics could be used to
assess the severity of DILL (84]
Despite some advances in the diagnosis and prognosis of DILI, the mainstay of
treatment is to assess the need for immediate discontinuation of the suspect drug. N-
acetylcysteine is currently a worldwide accepted treatment for acetaminophen
hepatotoxicity. Bicyclol is a substance that may attenuate acute liver injury by several
mechanisms, including induction of autophagy, inhibition of oxidative stress and
inactivation of the NLRP3 inflammasome. The results of the research in China show a
satisfactory safety profile of the substance with a potentially favourable clinical

outcome. [8586]




AUTOSOMAL DOMINANT POLYCYSTIC KIDNEY DISEASES

Autosomal dominant polycystic kidney disease (ADPKD) is a prevalent genetic
disorder causing uninhibited cyst growth in the kidneys, liver, and pancreas. It is one of
the top causes of ESRD with an estimated occurrence rate ranging from 1 : 400 to 1000
Live births due to mutations in PKD1 and PKD2 genes. %] In addition, patients may
present with other abnormalities, such as cerebral aneurysms, cardiac valve
malformations, colonic diverticulosis, hernias of the abdominal wall and inguinal
region, and cysts of the seminal vesicles. [¥] Given the frequency of the disease, patients
with ADPKD make up a large percentage of KT recipients. In rare cases, patients with
ADPKD are referred for simultaneous liver and kidney transplantation due to an
enlarged liver leading to early satiety, abdominal pain and cachexia. In the majority of
cases, however, synthetic liver function remains intact, so that most patients receive
only a KT. After transplantation, liver cysts may continue to grow but rarely cause
problems. Nevertheless, cyst complications must be included in the differential
diagnosis of both fever of unknown origin in KT recipients with ADPKD (due to cyst
inflammation) and abdominal pain (e.g. rupture).
For patients with symptoms of liver enlargement that persist after KT, there are several
treatment options: surgical resection, fenestration or sclerotherapy of cysts, or drug
treatment. (8889 Liver transplantation and combined liver/kidney transplantation have
been performed in patients with severe, symptomatic disease. Sirolimus appears to
reduce the volume of the polycystic liver, possibly through an antiproliferative effect.
Liver volume was significantly lower in seven KT patients receiving sirolimus-
mycophenolate-prednisone  than in nine recipients receiving tacrolimus-
mycophenolate-prednisone. [90]
Recently, tolvaptan, an antidiuretic antagonist, was approved as the first therapy for
ADPKD after the TEMPO and TEMPO-R trials demonstrated significantly less eGFR
loss compared to the placebo group. [*] It is expected that more and more patients with

ADPKD will be treated with tolvaptan in the future. Tolvaptan is a V2R antagonist that




blocks vasopressin signalling, which plays an important role in cyst growth in ADPKD
due to the resulting intracellular increase in cyclic adenosine monophosphate. [114] The
main adverse effect of tolvaptan is liver toxicity, requiring frequent monitoring, and
polyuria is a logical consequence of V2R blockade. However, adherence to tolvaptan
appears to be well-feasible in the majority of patients. [*2l Additional ongoing studies
will determine whether the benefits are long-term, whether they can be observed in
patients with advanced kidney disease and whether they can be translated into quality
of life and cost/effectiveness parameters. 3l Tolvaptan may also be considered for
patients after KT according to preliminary reports, taking into account the possible
adverse effects, including hepatotoxicity, hypernatremia and alteration of serum
tolvaptan concentration when used concomitantly with cyclosporine. [*
Other, rare cystic diseases, such as Autosomal Recessive Polycystic Kidney Disease
(ARPKD), Autosomal Dominant Tubulointerstitial Kidney Disease (ADTIKD) and

Carolli disease should also be considered in KT recipients. [95]

OTHER LIVER DISEASES

Iron overload
Iron overload is a common problem in ESRD patients and transplant recipients, often
resulting from the use of iron supplements to treat anaemia, the use of iron-based
phosphate binders, and disruption of iron utilization due to chronic inflammation
associated with CKD. Anaemia, defined as a hemoglobin concentration <130 g/L in
men and <120 g/L in women, is a frequent complication of CKD. I°®l The prevalence is
50-70% in ESRD patients before transplantation and decreases to 51% at 6 mo and 37 %
at 2 years after kidney transplantation. [l Erythropoietin deficiency and impaired iron
homeostasis, including absolute and functional iron deficiency, are major contributors
to CKD-associated anaemia. Standard therapies for the treatment of anemia include
exogenous substitution of erythropoietin, iron supplementation, and blood transfusion.
The availability of erythropoiesis-stimulating agents (ESAs) has reduced the need for

blood products and the risk of blood-borne infections, iron overload, and




allosensitization. Recently, inhibitors of the hypoxia-inducible factor prolyl hydroxylase
(HIF-PHI) have emerged as a new therapeutic option for anaemia. HIF-PHIs mediate
both the erythropoietin and iron metabolism pathways. HIF-PHIs stabilize hypoxia-
inducible factor (HIF), which stimulates endogenous erythropoietin production and
affect the transcription of several iron metabolism and transport genes, leading to a
decrease in ferritin levels and hepcidin levels. %1 HIF-PHIs can reduce the need for
iron supplements by mobilizing stored iron. [0 Several randomized control trials in
CKD patients regardless of dialysis status of roxadustat, vadadustat, and daprodustat
showed no inferiority compared to ESA therapy with a similar safety profile. [101-104]
These promising results could have significant clinical relevance as iron
supplementation could be reduced.
Adequate iron stores are necessary for normal functioning of ESA and maintenance of
stable hemoglobin levels. However, iron overload can lead to accumulation of iron in
various organs. Iron-related side effects, mostly mediated by the formation of reactive
oxygen species, can affect the liver (secondary hemochromatosis, cirrhosis), the heart
(heart failure and arrhythmias), and endocrine organs (hypogonadism, diabetes
mellitus). Excess iron can aggravate inflammation and shift the immunoregulatory
balance, negatively affecting the immune system.
Serum ferritin and serum transferrin saturation (TSAT) are commonly used tests for
iron status in CKD patients, including transplant recipients. Hepcidin measurement is
not clinically more useful or better than TSAT and ferritin. Serum ferritin levels are
affected by inflammation as it acts as an acute phase reactant. Serum ferritin levels <30
pg/Lindicate iron deficiency. However, the ferritin value at which the iron stores in the
bone marrow are filled is controversial. Currently, the 2012 KDIGO guidelines
recommend iron supplementation therapy based on the combination of TSAT (<30%)

and ferritin (<500 pg/L). [1%]

CONCLUSION




Liver disease is a frequent occurrence following kidney transplantation, estimated to
affect 20-50% of cases, and has a substantial impact on the survival and quality of life of
these patients. Symptoms vary from asymptomatic, transient elevations of liver
enzymes to the development of fibrosis and chronic liver failure. In severe cases, liver
failure can have an acute onset or, in the chronic form, progress to cirrhosis with clinical
indications of decompensation, or even the development of malignant disease such as
hepatocellular carcinoma. Vigilant monitoring of KT recipients is crucial for the early
detection of liver disease, allowing for timely intervention and improved outcomes. The
incidence of viral diseases such as HBV and HCV has declined due to the effectiveness
of antiviral medications and HBV vaccination programs. Globally, the prevalence of
metabolic diseases such as NAFLD is rising, especially in transplant patients who are
vulnerable due to lifelong immunosuppressive therapy. Hepatitis E virus and, more
recently, SARS-CoV-2 have also been implicated as potential causes of liver disease.
Additionally, healthcare professionals should be aware of the possibility of drug-
induced liver injury, as many immunosuppressive and adjunct drugs can cause liver
damage. Patients should be monitored closely for signs of drug toxicity, and
medications should be adjusted accordingly. Screening KT recipients for liver disease is
a priority for healthcare professionals. Early diagnosis and referral to a hepatologist are
critical for managing underlying liver problems, which can adversely impact quality of

life and general health
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